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NEW APPLICATION TRANSMITTAL 



Transmitted herewith for filing is the patent application of 

Inventors): Mart in A. Putnam, Robert N. Brucato, Michael A. Davis, 
David G. Bellemore and Walter A. Helm 

WARNING: 37 C.F.R. § 1.41(a)(1) potnts out: 

"(a) A patent is applied for in the name or names of the actuaJ inventor or inventors 

"(1) The inventorship of a nonprovisJonaf application is that inventorship set forth m the oath or 
declaration as prescribed by § 1,63, except as provided for in § 1.53(d)(4) and § 1.63(d). ff an 
oath or declaration as prescribed by § 1.63 is not fifed during the pendency of a nonprovisional 
application, the inventorship is that inventorship set forth in the application papers filed pursuant 
to § 1.530), unless a petition under this paragraph accompanied by the fee set forth in § 1.17ft) 
is filed supplying or changing the name or names of the inventor or inventors. " 

For (title): 

TUNABLE OPTICAL STRUCTURE FEATURING FEEDBACK CONTROL 



CERTIFICATION UNDER 37 C.FM. § 1.10* 
(Express Mail label number is mandatory.) 
(Express Mail certification is optional.) 

I hereby certify that this New Application Transmittal and the documents referred to as attached therein are being 

deposited with the United States PostaJ Service on this date March 6, 2000 , in an envelope 

as "Express Mail Post Office to Addressee," mailing Label Number EL 508 860 389 US , ad- 
dressed to the; Assistant Commissioner for Patents, Washington, D.C. 20231. 

Judith R. Schick 

(type or print name $ 

i of person mailing paper 

WARNING; Certificate of mailing first class) or facsimile Mnsmission procedures of 37 C.F.R § 1.8 cannot be 
used to obtain a date of mailing or transmission for this correspondence. 

•WARNING: Each paper or fee filed by "Express Mail" must have the number of the "Express Mail" mailing label 
placed thereon prior to mailing. 37 CF.R. § 1.100). 

'Since the filing of correspondence under § 1.10 without the express Mail mailing label thereon 
is an oversight that can be avoided by the exercise of reasonable cam, requests for waiver of this 
requirement wiU not be granted on petition. "Notice of Oct 24, 1996, 60 Fed. Reg. 56,439, at 56,442. 
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1. Type of Application 

This new application is for a(n) 

(check one applicable item below) 

UQ Original (nonprovisional) 

□ Design 
□ Plant 

WARNING: Do not use tilts transmittal for a completion m the U.S of an International Application under 35 
US C. § 371(c)(4), unless the International Application is being filed as a divisional, continuation 
or continuation -in-part application, 

WARNING: Do not use this transmittal for the filing of a provisional application. 

NOTE: If one of the following 3 items apply, then complete and attach ADDED PAGES FOR NEW APPLICATION 
TRANSMITTAL WHERE BENEFIT OF A PRIOR U.S. APPLICATION CLAIMED and a NOTIFICATION 
IN PARENT APPLICATION OF THE FILING OF THIS CONTINUATION APPLICAVON. 

□ Divisional. 

□ Continuation. 

□ Continuation-in-part (C-l-P). 

2. Benefit of Prior U.S. Application^) (35 LLS.C. §§ 119(e), 120, or 121) 

NOTE: A nonprovisional application may claim an invention disclosed in one or more prior filed copending 
nonprovisional applications or copending international applications designating the United States of 
America. In order for a nonprovisional application to claim the benefit of a prior filed copending 
nonprovisional application or copending international application designating the United States of 
America, each prior application must name as an inventor at least one inventor named in the later filed 
nonprovisional application and disclose the named inventor's invention claimed in at least one claim 
of the later filed nonprovisional application in the manner provided by the first paragraph of 35 U.S.C. 
§ 112. Each prior application must also be: 

0 An international application entitled to a filing date in accordance with PCT Article 1 1 and 
designating the United States of America; or 

(li) Complete as set forth in § 1.51(b); or 

(lii) Entitled to a filing date as set forth in § 1.53(b) or § 1.53(d) and include the basic filing fee set 
forth in § 1.16; or 

(iv) Entitled to a filing date as set forth in § 1.53(b) and have paid therein the processing and retention 
fee set forth in § 121(1) within the time period set forth in § 1.53(f). 

37C.F.R. § 1.78(aX1). 

NOTE: If the new application being transmitted is a divisional, continuation or a continuation-in-part of a parent 
case, or where the parent case is an International Application which designated the U.S., or benefit 
of a prior provisional application is claimed, then check the following item and complete and attach 
ADDED PAGES FOR NEW APPLICATION TRANSMITTAL WHERE BENEFIT OF PRIOR U.S. APPUCA- 
T70N(S; CLAIMED. 

WARNING: If an application claims the benefit of the filing date of an earlier ftled application under 35 U.S.C. 

§§ 120, 121 or 365(c), the 20-year term of that application will be based upon the filing date of 
the earliest U.S. application that the application makes reference to under 35 U.S.C. §§ 120, 121 
or 365(c). (35 U.S.C. § 154(a)(2) does not take into account, for the determination of the patent 
term, any application on which priority is claimed under 35 U.S.C. §§ 119, 365(a) or 365(b).) For 
a c-f-p application, applicant should review whether any claim in the patent that wilt issue is 
supported by an earlier application and, if not, the applicant should consider canceling the reference 
to the earlier filed application. The term of a patent is not based on a daim-by-daim approach. 
See Notice of April 14, 1995, 60 Fed. Reg. 20,195, at 20,205. 
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WARNING: When the last day of pendency of a provisional application falls on a Saturday, Sunday, or Federal 
holiday within the District of Columbia, any nonprovisionai application claiming benefit of the 
provisional application must be fifed prior to the Saturday, Sunday, or Federal holiday within the 
District of Columbia. See 37 CF.R § 1.78(a)(3). 

□ The new application being transmitted claims the benefit of prior U.S. applica- 
tion®. Enclosed are ADDED PAGES FOR NEW APPLICATION TRANSMITTAL 
WHERE BENEFIT OF PRIOR U.S. APPLICATION(S) CLAIMED. 

3. Papers Enclosed 

A. Required for filing date under 37 CF.R. § 1.53(b) (Regular) or 37 CF.R. § 1.153 
(Design) Application 

Pages of specification 

L Pages of claims 

_L_ Sheets of drawing 

WARNING: DO NOT submit original drawings. A high quality copy of the drawings should be supplied when 
filing a patent application. The drawings that are submitted to the Office must be on strong, white, 
smooth, and non-shiny paper and meet the standards according to § 1.84. if corrections to the 
drawings are necessary, they should be made to the original drawing and a high-quality copy of 
the corrected original drawing then submitted to the Office. Only one copy is required or desired. 
For comments on proposed then-new 37 CF.R. § 1.84, see Notice of March 9, 1988 (1990 O.G. 
57-62). 

NOTE: "Identifying indicia, if provided, should include the application number or the title of the invention, 
inventor's name, docket number (if any), and the name and telephone number of a person to call if 
the Office is unable to match the drawings to the proper application. This information should be placed 
on the back of each sheet of drawing a minimum distance of 1.5 cm. (5/8 inch) down from the top 
of the page ..." 37 CF.R. § 1.84(c)). 

(complete the following, if applicable) 

□ The enclosed drawing(s) are photograph(s), and there is also attached a 
"PETITION TO ACCEPT PHOTOGRAPH(S) AS DRAWING(S).* 1 37 CF.R. 
§ 1.84(b). 

□ formal 
E informal 

B. Other Papers Enclosed 

2 Pages of declaration and power of attorney * 
^ Pages of abstract 
1 Other (Title Page) 

4. Additional papers enclosed 

□ Amendment to claims 

□ Cancel in this applications claims before 

calculating the filing fee. (At least one original independent claim must be 
retained for filing purposes.) 

□ Add the claims shown on the attached amendment. (Claims added have 
been numbered consecutively following the highest numbered original 
claims.) 

□ Preliminary Amendment 

□ Information Disclosure Statement (37 CF.R. § 1.98) 

□ Form PTO-1449 (PTO/SB/08A and 08B) 

□ Citations 
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□ Declaration of Biological Deposit 

□ Submission of "Sequence Listing," computer readable copy and/or amendment 
pertaining thereto for biotechnology invention containing nucleotide and/or 
amino acid sequence. 

□ Authorization of Attomey(s) to Accept and Follow instructions from Representa- 
tive 

□ Special Comments 

□ Other 

Declaration or oath (including power of attorney) 

/VOTE; A newly executed declaration is not required in a continuation or divisional application provided that 
the pnor nonprovtsional application contained a declaration as required, the application being filed is 
by ail or fewer than all the inventors named in the prior application, there is no new matter in the 
application being filed, and a copy of the executed declaration filed in the pnor application (showing 
the signature or an indication thereon that it was signed) is submitted. The copy must be accompanied 
by a statement requesting deletion of the names of person(s) who are not inventors of the application 
being filed. If the declaration in the prior application was filed under § 1 47. then a copy of that 
declaration must be filed accompanied by a copy of the decision granting § 1.47 status or, if a nonsigning 
person under § 1.47 has subsequently joined in a prior application, then a copy of the subsequently 
executed declaration must be filed. See 37 C.F.R. §§ 1.63(d)(1H3). 

NOTE: A declaration filed to complete an application must be executed, identify the specification to which it 
is directed, identify each inventor by full name including family name and at least one given name, without 
abbreviation together with any other given name or initial, and the residence, post office address and 
country or citizenship of each inventor, and state whether the inventor is a sole or joint inventor. 37 
C.F.R § 1.63(a)(1H4)~ 

□ Enclosed 
Executed by 

(check all applicable boxes) 

□ inventors). 

□ legal representative of inventors). 
37 C.F.R. §§ 1.42 or 1.43. 

□ joint inventor or person showing a proprietary 
interest on behalf of inventor who refused to sign 
or cannot be reached. 

□ This is the petition required by 37 C.F.R. § 1 .47 and the statement 
required by 37 C.F.R- § 1.47 is also attached. See item 13 below 
for fee. 

m Not Enclosed. 

NOTE: Where the filing is a completion in the U.S. of an International Application or where the completion of 
the U.S. application contains subject matter in addition to the International Application, the application 
may be treated as a continuation or continuation-in-part, as the case may be, utilizing ADDED PAGE 
FOR NEW APPLICATION TRANSMITTAL WHERE BENEFIT OF PRIOR U.S. APPLICATION CLAIMED. 

□ Application is made by a person authorized under 37 C.F.R. § 1.41(c) on 
behalf of all the above named inventors). 

(The declaration or oath, aiong with the surcharge required by 37 C.F.R. § 1.16(e) 

can be filed subsequently). 

□ Showing that the filing is authorized. 

(not required unless called into question. 37 C.F.R. § 1.41(d)) 
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6. Inventorship Statement 

WARNING: If the named inventors are each not the inventors of ail the claims an explanation, including the 
ownership of the various claims at the time the fast claimed invention was made, should be 
submitted. 

The inventorship for all the claims in this application are: 

□ The same. 

or 

□ Not the same. An explanation, including the ownership of the various claims at 
the time the last claimed invention was made, 

□ is submitted. 

□ will be submitted. 

7. Language 

NOTE: An application including a signed oath or declaration may be filed m a language other than English. 
An English translation of the non- English language application and the processing fee of $130,00 
required by 37 C F.R § 1.17(k) is required to be filed with the application, or within such time as may 
be set by the Office. 37 C.F.R. § 1.52(d). 

0 English 

□ Non-English 

□ The attached translation includes a statement that the translation is accu- 
rate. 37 C.F.R. § 1.52(d). 

8. Assignment 

m An assignment of the Invention to CiDRA Corporation doing business 
at 50 Barnes Park North, Walllngf ord, Connecticut 06492 

□ is attached. A separate □ "COVER SHEET FOR ASSIGNMENT (DOCU- 
MENT) ACCOMPANYING NEW PATENT APPLICATION" or □ FORM PTO 

1595 is also attached. 

H will follow. 

NOTE: u lfan assignment is submitted with a new application, send two separate tetters-one for the application 
and one for the assignment" Notice of May 4, 1990 (1114 O.G. 77-78). 

WARNING: A newly executed "CERTIFICATE UNDER 37 C.F.R. § 3.73(b)" must be filed when a continuation- 
in-part application is filed by an assignee. Notice of April 30, 1993, 1150 O.G. 62-64. 
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9. Certified Copy 

Certified copy(ies) of application(s) 



Country 


Appln. No. 


Filed 


Country 


Appln. No. 


Filed 


Country 


Appln No 


Filed 



from which priority is claimed 

□ is {are} attached 

□ will follow. 

NOTE The foreign application forming the basjs for the claim for pnonty must be referred to tn the oath or 
declaration 37 C.F.R § 1.55(a) and 1.63 

NOTE' This item is for any foreign pnonty for which the application being filed directly relates If any parent 
US. application or Internationa! Application from which this application claims benefit under 35 U.S.C. 
§120 is itself entitled to priority from a prior foreign application, then complete item 18 on the ADDED 
PAGES FOR NEW APPLICATION TRANSMITTAL WHERE BENEFIT OF PRIOR US APPLICATION^) 
CLAIMED 

10. Fee Calculation (37 C.F.R. § 1.16) 
A. □ Regular application 



CLAIMS AS FILED 


Number filed 


Number Extra 


Rate 


Basic Fee 
37 C.F.R. 1.16(a) 
$ 690.00 


Total 

Claims (37 C.F.R. 

§ 1.16(c)) - 20 


= X 


$ 18.00 




independent 

Claims (37 C.F.R. 

§ 1.16(b)) - 3 


= X 


$ 78,00 




Multiple dependent claim®, 
if any (37 C.F.R. § 1.16(d)) 


+ 


$260.00 





□ Amendment cancelling extra claims is enclosed. 

□ Amendment deleting multiple-dependencies is enclosed, 

□ Fee for extra claims is not being paid at this time. 

NO TE: ff the fees for extra claims are not paid on fifing they must be paid or the claims cancelled by amendment, 
prior to the expiration of the time period set for response by the Patent and Trademark Office in any 
notice of fee deficiency. 37 C.F.R § 1.16(d). 

Filing Fee Calculation $ . 

B. □ Design application 

($310.00—37 C.F.R. § 1.16(f)) 

Filing Fee Calculation $ _ 

C. □ Plant application 

($480.00-37 C.F.R. § 1.16(g)) 

Filing fee calculation $ 
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11. Small Entity Statement(s) 

□ Statements) that this is a filing by a small entity under 37 C.F.R. § 1 .9 and 1 .27 
is (are) attached. 

WARNING: "Status as a small entity must be specifically established in each application or patent in which 
the status is available and desired. Status as a small entity in one application or patent does not 
affect any other application or patent including applications or patents which are directly or 
indirectly dependent upon the application or patent in which the status has been established. The 
refiling of an application under § 1.53 as a continuation, division, or continuation-in-part (including 
a continued prosecution application under § 1.53(d)), or the filing of a reissue application requires 
a new determination as to continued entitlement to small entity status for the continuing or reissue 
application. A nonprovisional application claiming benefit under 35 U.S.C. § 119(e), 120, 121, or 
365(c) of a prior application, or a reissue application may rely on a statement filed in the prior 
application or in the patent if the nonprovisional application or the reissue application (ncludes a 
reference to the statement in the prior application or in the patent or includes a copy of the 
statement in the prior application or in the patent and status as a small entity is still proper and 
desired. The payment of the small entity basic statutory filing fee will be treated as such a reference 
for purposes of this section." 37 C.F.R. § 1.28(aX2). 

WARNING: "Small entity status must not be established when the person or persons signing the . . - statement 
can unequivocally make the required self-certification.'' M.P.E.P., § 509.03, 6th ed., rev. 2, July 
1996 (emphasis added). 

(complete the following, if applicable) 

□ Status as a small entity was claimed in prior application 

/ f filed on , from which benefit 

is being claimed for this application under 

35 U.S.C. § □ 119(e), 

□ 120, 

□ 121, 

□ 365(c), 

and which status as a small entity is still proper and desired. 
□ A copy of the statement in the prior application is included. 
Filing Fee Calculation (50% of A, B or C above) 

$ 

NOTE: Any excess of the full fee paid will be refunded if smalt entitiy status is established and a refund request 
are fifed within 2 months of the date of timely payment of a full fee. The two-month period is not 
extendable under § 1.136. 37 C.F.R. § 1.28(a). 

12. Request for International-Type Search (37 C.F.R. § 1.104(d)) 

(complete, if applicable) 

□ Please prepare an international-type search report for this application at the time 
when national examination on the merits takes place. 
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13. Fee Payment Being Made at This Time 

IS Not Enclosed 

H No filing fee is to be paid at this time, 

(This and the surcharge required by 37 C.F.R. § 1.16(e) can be paid 
subsequently.) 

□ Enclosed 

□ Filing fee $ 

□ Recording assignment 
($40.00; 37 C.F.R. § 1.21(h)) 

(See attached "COVER SHEET FOR 
ASSIGNMENT ACCOMPANYING NEW 

APPLICATION".) $ 

□ Petition fee for filing by other than all the 
inventors or person on behalf of the inventor 
where inventor refused to sign or cannot be 
reached 

{$130.00; 37 C.F.R. §§ 1.47 and 1.17®) $ 

□ For processing an application with a 
specification in 

a non-English language 

($130.00; 37 C.F.R. §§ 1.52(d) and 1.1 7(k}) $ 

□ Processing and retention fee 

($130.00; 37 C.F.R. §§ 1.53(d) and 1.21(1)) $ 

□ Fee for international-type search report 

($40.00; 37 C.F.R. § 1.21(e)) $ 



NOTE: 37 C.F.R. § 1.210) establishes a fee for processing and retaining any application that is abandoned for 
failing to complete the application pursuant to 37 C.F.R. § 1.53(f) and this, as we// as the changes to 
37 C.F.R. §§ 1.53 and 1.78(a)(1), indicate that in order to obtain the benefit of a prior U.S. application, 
either the basic filing fee must be paid, or the processing and retention fee of § 1.21(1) must be paid, 
within 1 year from notification under § 53(f). 

Total fees enclosed $ 

14. Method of Payment of Fees 

□ Check in the amount of $ _ 



□ Charge Account No. in the amount of 

$ 

A duplicate of this transmittal is attached. 

NOTE: Fees should be itemized in such a manner that it is clear for which purpose the fees are paid. 37 C.F.R. 
§ 1.22(b). 
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15. Authorization to Charge Additional Fees 

WARNING: If no fees are to be paid on fifing, the following Hems should not be completed. 

WARNING: Accurately count claims, especially multiple dependent daims, to avoid unexpected high charges, 
if extra claim charges are authorized. 

□ The Commissioner is hereby authorized to charge the following additional fees 
by this paper and during the entire pendency of this application to Account No. 



□ 37 C.F.R. § 1.16(a), (f) or (g) (filing fees) 

□ 37 C.F.R. § 1.16(b), (c) and (d) (presentation of extra claims) 

NO TE Because additional fees for excess or multiple dependent claims not paid on filing or on later presentation 
must only be paid or these claims cancelled by amendment prior to the expiration of the time period 
set for response by the PTO tn any notice of fee deficiency (37 C.F.R. § 1 16(d)), it might be best not 
to authorize the PTO to charge additional claim fees, except possibly when dealing with amendments 
after final action. 

□ 37 C.F.R. § 1 .1 6(e) (surcharge for filing the basic filing fee and/or declaration 
on a date later than the filing date of the application) 

□ 37 C.F.R. § 1.17(a)(1H5) (extension fees pursuant to § 1.136(a)). 

□ 37 C.F.R. § 1.17 (application processing fees) 

NOTE' - .A written request may be submitted in an application that is an authorization to treat any concurrent 
or future reply, requiring a petition for an extension of time under this paragraph for its timely submission, 
as incorporating a petition for extension of time for the appropriate length of time. An authorization to 
charge all required fees, fees under § 1.17, or all required extension of time fees will be treated as a 
constructive petition for an extension of time in any concurrent or future reply requiring a petition for 
an extension of time under this paragraph forks timely submission. Submission of the fee set forth in 
§1.1 7(a) will also be treated as a constructive petition for an extension of time in any concurrent reply 
requiring a petition for an extension of time under this paragraph for its timely submission." 37 C.F.R. 
§ 1.136(a)(3). 

□ 37 C.F.R. § 1.18 {issue fee at or before mailing of Notice of Allowance, 
pursuant to 37 C.F.R. § 1.311(b)) 

NOTE: Where an authorization to charge the issue fee to a deposit account has been filed before the mailing 
of a Notice of Allowance, the issue fee will be automatically charged to the deposit account at the time 
of mailing the notice of allowance. 37 C.F.R § 1.311(b). 

NOTE: 37 C.F.R. § 1.26(b) requires "Notification of any change in status resulting in toss of entitlement to small 
entity status must be filed in the application . . . prior to paying, or at the time of paying, . . .the issue 
fee. . . " From the wording of 37 C.F.FL § 1.28(b), (a) notification of change of status must be made 
even if the fee is paid as "other than a small entity" and (b) no notification is required if the change 
is to another small entity. 
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16- Instructions as to Overpayment 

NOTE: *. . . Amounts of twenty-five dollars or less wUt not be returned unless specifically requested within 
a reasonable time, nor will the payer be notified of such amounts; amounts over twenty-five dollars may 
be returned by check or, if requested, by credit to a deposit account" 37 C.F.R § 1.26(a). 

□ Credit Account No. _ 

□ Refund 



Reg. No. 32,720 



SIGNATURE OF PRAi 



William J. Ba: 





Tel. No. (203) 261-1234 



(type or print name of attorney) 

Ware, Fressola, Van Der Sluys & Adolphson LLP 



755 Main Street, P.O. Box 224 



P.O. Address 



Customer No. 004955 



Monroe, Connecticut 06468 
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□ Incorporation by reference of added pages 

(check the following item if the application in this transmittal claims the benefit of 
prior U.S. applications) (including an international application entering the U.S. 
stage as a continuation, divisional or C-l-P application) and complete and attach 
the ADDED PAGES FOR NEW APPLICATION TRANSMITTAL WHERE BENEFIT OF 
PRIOR US. APPLICATION® CLAIMED) 

□ Plus Added Pages for New Application Transmittal Where Benefit of Prior U.S. 
Application(s) Claimed 

Number of pages added 

□ Plus Added Pages for Papers Referred to in item 4 Above 

Number of pages added 

□ Plus added pages deleting names of inventor(s) named in prior application(s) 
who is/are no longer inventor(s) of the subject matter claimed in this appfication. 

Number of pages added 

□ Plus "Assignment Cover Letter Accompanying New Application" 

Number of pages added 

B Statement Where No Further Pages Added 

(if no further pages form a part of this Transmittal, then end this Transmittal with 
this page and check the following item) 

S This transmittal ends with this page. 
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PATENT 

WFVA/CiDRA File Nos. 712-002-082/CC-0238 

UNITED STATES PATENT APPLICATION 

of 

Martin A. Putnam, 
Robert N. Brucato, 
Michael A. Davis, 
David G . Bellemore 
and 

Walter A, Helm 
for a 

TUNABLE OPTICAL STRUCTURE 
FEATURING FEEDBACK CONTROL 



EXPRESS MAIL NO. EL 508 860 389 US 
CIDRA CORP. PROPRIETARY 



PATENT 

WFVA/CiDRA File Nos . 712-002-082/CC-0238 

TUNABLE OPTICAL STRUCTURE 
FEATURING FEEDBACK CONTROL 

BACKGROUND OF INVENTION 

1. Technical Field 

The present invention relates to a compression tuned 
optical structure; and more particularly, a compression 
tuned optical structure having force or displacement 
feedback control. 

2. Description of Related Art 

There are a host of applications that could exploit the 
principle of a tunable fiber Bragg grating. These include 
tunable filters, reconf igurable optical add/drop 
multiplexers, optical performance monitors, wavelockers, 
tunable lasers, etc. Each of these applications would 
benefit from the ability to tune the grating accurately and 
repeatably and without the need for optical closed loop 
control, i.e. without needing to measure the wavelength of 
the grating directly. 

In the art, since the wavelength of the Bragg grating 
is uniquely determined by the strain and the temperature of 
the grating, in principle, if one could simply measure the 
strain and the temperature of the grating at all times, then 
one could always know the wavelength of the grating. In 

CIDRA CORP. PROPRIETARY 1 
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practice, this is accomplished by attaching the grating to 
an actuator such as a piezoelectric element, then stretching 
the fiber some determinable amount. If the positional 
relationship between the actuator and the fiber is 
maintained, then one can theoretically deduce the Bragg 
grating wavelength by measuring the displacement of the 
actuator . 

But it is known that if there is some lost motion 
between the fiber and the actuator, then a measurement of 
the actuator displacement will result in an erroneous 
wavelength determination. For example, when strain tuning a 
coated optical fiber, this effect is almost unavoidable, as 
the known attachment techniques will involve some sort of 
epoxy with a limited holding ability. Additionally, tuning 
the fiber Bragg grating by applying tensile strain is 
considered to be an unacceptable method from the perspective 
of fiber reliability, since the lifetime of a fiber can be 
significantly reduced by continuously stressing it. 

Alternatively, in another known method encases the 
Bragg gratings in an all glass element capable of sustaining 
high compressional loads, which has the potential to be 
incorporated into a device which can be used to reliably and 
accurately tune a Bragg grating by strain. The technique 
was originally applied to pressure transducers and 
CIDRA CORP. PROPRIETARY 2 
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incorporates a glass shell around the device to enable 
transduction of hydrostatic pressure into compressional 
strain. The core of the element (the dogbone) can be used 
in other configurations that allow compressive loads to 
affect the Bragg wavelength. For example, ends of the glass 
element can be ground into cone shapes which fit into the 
cone seats of a body which is mechanically attached to a 
displacement actuator. This composite glass element Bragg 
grating has two primary advantages over standard fiber 
gratings discussed above from the perspective of tunability. 
The first is that, since the element is placed under 
compression rather than tension, the device is inherently 
more reliable. The second is that, because the device can 
be made of glass with arbitrary dimensions and shapes, the 
issue of forming a slip- free attachment to an actuator 
becomes simplified (e.g. glass on metal seats i.e. no epoxy 
to hold off high forces) . 

However, if one is concerned with extremely high 
accuracies, then one cannot ignore the possibility of lost 
motion or hysteresis even in the glass to metal contact 
region. For example, over time, the seats may deform 
slightly, thereby changing the actual displacement of the 
glass element relative to the actual displacement of the 
actuator. If the displacement of the actuator rather than 
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the glass element is measured, than there will be an error 
introduced into the measurement, 

SUMMARY OF INVENTION 

The present invention provides a tunable optical device 
having a compression tuned optical structure and a 
displacement sensor . 

The compression tuned optical structure responds to an 
optical signal, and further responds to a displacement 
sensor signal, for providing a compression tuned optical 
structure signal containing information about a change in an 
optical characteristic of the compression tuned optical 
structure, and for also further providing an excitation 
caused by a change in a displacement of the compression 
tuned optical structure. 

The displacement sensor responds to the excitation, for 
providing the displacement sensor signal containing 
information about the change in the displacement of the 
compression tuned optical structure. 

The compression tuned optical structure may be in the 
form of a dogbone structure that is an all -glass compression 
unit having wider end portions separated by a narrower 
intermediate portion having a Bragg grating therein. 
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The displacement sensor includes a capacitance sensor 
affixed to the compression tuned optical structure for 
measuring a change in capacitance between two parallel and 
opposing plates that depends on a change in a gap or an area 
with respect to the two parallel and opposing plates. The 
change in the displacement of the compression tuned optical 
structure causes a change in the gap between the two 
parallel and opposing plates, and the change in capacitance 
depends on the change in the gap. Alternatively, the change 
in the displacement characteristic of the compression tuned 
optical structure causes a change in an overlapping area 
between the two parallel and opposing plates, and the change 
in capacitance depends on the change in the overlapping 
area . 

The capacitance sensor may have two metallic-coated 
tubes affixed to the compression tuned optical structure so 
that metallic surfaces face each other with a small gap 
inbetween. The two parallel and opposing plates may be 
affixed to parts ending from the wider end portions of the 
dogbone structure. The small gap may be about 200 micron. 
The capacitance sensor has electrodes attached to the 
metallic-coated tubes to allow connection of the capacitor 
sensor to an electronic device capable of measuring 
capacitance. Each of the two metallic-coated tubes is 
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affixed to or formed on a respective one of the wider end 
portions. The narrower intermediate portion may have a 
Bragg grating or a Fabry- Perot interferometer arranged 
therein. The Fabry- Perot interferometer may include a pair 
of fiber Bragg gratings separated by a predetermined 
distance . 

The displacement sensor may also include inductive 
sensing using two coils affixed to the compression tuned 
optical structure for measuring a change in inductance 
between the two coils. Other gap sensing techniques may be 
used, such an optical, magnetic, microwave, time -of -flight 
based gap sensors. Moreover, a force applied on or about 
the compressive element (i.e. grating or Fabry-Perot 
interferometer gap) may be sensed, and fed back to control 
the compression tuning of the optical structure. 

In effect, this present invention provides a device, 
which combines a highly accurate means of measuring 
displacement with a compression tuned optical structure, 
including a tunable element having a fiber Bragg grating or 
Fabry Perot interferometer. This hybrid device will enable 
a true indirect means of controlling the wavelength of the 
fiber Bragg grating or Fabry Perot interferometer without 
the need for optical closed loop control. The device 
combines a highly accurate, and potentially drift- free, 
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capacitance or inductance sensor with the tunable grating 
element. For example, the capacitance sensor measures 
displacement by taking advantage of the change in 
capacitance between two parallel, and opposing plates when 
the gap and/or the area of the plates change. Although 
attachment methods can be designed to minimize the creep 
between the actuator and the tunable glass element, in 
practice it is difficult to fully eliminate it. For this 
reason, it is highly desirable to incorporate the 
capacitance sensor directly onto the tunable element to form 
a monolithic tunable Bragg grating with built-in electronic 
displacement determination. Incorporating the displacement 
sensor directly on the glass element allows one to make a 
direct measurement of the displacement, which directly 
relates to the strain on the element and, therefore, enables 
direct and real time knowledge of the Bragg wavelength. 
There are many possible embodiments of this concept shown 
and described below. However, one of the simplest would 
involve fixing two gold-coated tubes over the tunable glass 
element such that the gold surfaces face each other with a 
small gap (about 200 micron) between them. Ideally the 
tubes would be welded to the large diameter section of the 
dogbone element. However, since there is no force to hold 
off, they could, in principle, be epoxied in place. 
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Electrodes would be attached to the gold- coated tubes to 
allow connection of the capacitor to an electronic device 
capable of measuring capacitance. As the dogbone element is 
strained, the gap between the parallel plates will change, 
thereby causing the capacitance to change. Therefore, a 
measurement of the capacitance will be directly related to 
the Bragg wavelength, provided the temperature of the 
element is either held constant or measured. Since the 
tubes are directly connected to the dogbone, they are 
completely passive and will not slip. 

Consistent with that previously described, the 
capacitance sensor provides an ideal method for a 
displacement measurement that can be integrated directly 
onto the compression tuned fiber Bragg grating element. 
There are several capacitance sensor configurations 
discussed below which can be used for this application, each 
having particular advantages and disadvantages. To optimize 
the capacitive sensor used in the design, considerations 
must be made which include the circuit which will be used to 
measure the capacitance and the ultimate conversion of 
capacitance to displacement (or force) . To maintain 
consistent resolution and accuracy over the functional range 
of the capacitive sensor, the change in the area of the 
capacitor will produce a proportionally equal change in 
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capacitance (as opposed to a plate separation which 
demonstrates an inversely proportional dependence) . 

In addition to the potential uses of the hybrid 
capacitive or inductive sensor and tunable FBG, other 
devices formed in the compression element would also benefit 
from the addition of a capacitive displacement sensor. Such 
examples of these might be a fiber Fabry Perot pair, Bragg 
grating pairs, a distributed feedback laser, an interactive 
Bragg grating laser. 

The whole thrust of the present invention is to avoid 
using optical light transmitted from the compression tuned 
optical structures to tune the wavelength of the compression 
element, which increases the light available to the overall 
system. For example, if n compression tuned optical 
structures are connected in series, and a respective x% of 
light is used for each of the n compression tuned optical 
structures, then approximately nx% of light may be used to 
tune the overall system, which may significantly reduce the 
amount of light available to the overall system. In effect, 
the present invention provides an open- loop control system 
in relation to optical performance for tuning the 
compression element. 

The foregoing and other objects, features and 
advantages of the present invention will become more 
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apparent in light of the following detailed description of 
exemplary embodiments thereof, as illustrated in the 
accompanying drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

The drawing includes numerous Figures, and the 
following is a brief description thereof: 

Figure 1 is a block diagram of a tunable optical device 
that is the subject matter of the present invention. 

Figure 2 is a diagram of one embodiment of the tunable 
optical device shown in Figure 1. 

Figure 3 is a diagram of a tube~in-tube capacitive 
sensor arrangement that may be part of the embodiment of the 
tunable optical device shown in Figure 1. 

Figure 4 is a diagram of a single tube capacitive 
sensor arrangement that may be part of the embodiment of the 
tunable optical device shown in Figure 1. 

Figure 5 is a diagram of a multiple tube-in-tube 
capacitive sensor arrangement that may be part of the 
embodiment of the tunable optical device shown in Figure 1 . 

Figure 6 is a diagram of a tube- in- tube capacitive 
differential sensor arrangement that may be part of 
embodiment of the tunable optical device shown in Figure 1. 
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Figure 7 is a diagram of another sensor arrangement for 
the tunable optical device shown in Figure 1. 

Figure 8 is a diagram of another sensor arrangement for 
the tunable optical device shown in Figure 1. 

Figure 9 is a diagram of another sensor arrangement for 
the tunable optical device shown in Figure 1. 

Figure 9A is a diagram of another sensor arrangement 
for the tunable optical device shown in Figure 9. 

Figure 10 is a diagram of one sensor arrangement for 
the tunable optical device shown in Figure 1. 

Figure 11 is a diagram of another sensor arrangement 
for the tunable optical device shown in Figure 1. 

Figure 12 is a diagram of another sensor arrangement 
for the tunable optical device shown in Figure 1. 

Figure 13 is a diagram of another sensor arrangement 
for the tunable optical device shown in Figure 1. 

Figure 14 is a diagram of another sensor arrangement 
for the tunable optical device shown in Figure 1. 

Figure 15 is a diagram of another sensor arrangement 
for the tunable optical device shown in Figure 1. 

Figure 16A is a diagram of a first plate for sensor 
arrangements for the tunable optical device shown in Figure 
2 . 
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Figure 16B is a diagram of a second plate for sensor 
arrangements for the tunable optical device shown in Figure 
2 . 

DETAILED DESCRIPTION OF THE INVENTION 
Figure 1: The Basic Invention 

Figure 1 shows a tunable optical device generally 
indicated as 2 0 having a compression tuned optical structure 
22 and a displacement sensor 24 . 

The compression tuned optical structure 22 responds to 
an optical signal, and further responds to a displacement 
sensor signal, for providing a compression tuned optical 
structure signal containing information about a change in an 
optical characteristic of the compression tuned optical 
structure, and for also further providing an excitation 
caused by a change in a displacement of the compression 
tuned optical structure 22. 

The displacement sensor 24 responds to the excitation 
from the compression tuned optical structure 22 , for 
providing the displacement sensor signal containing 
information about the change in the displacement of the 
compression tuned optical structure. 

The compression tuned optical structure 22 is in the 
form of a dogbone -shaped structure (hereinafter "dogbone 
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structure"), which is an all-glass compression unit that may 
be formed by glass collapsing technology shown and described 
in United States patent application serial no. 09/455,867 
(CiDRA File No. CC 0036B) , filed December 6, ±999, as well 
as United States patent application serial no. 09/455,865 
(CiDRA File No. CC-0078B) , filed December 6, 1999, both 
hereby incorporated by reference in their entirety, as 
discussed below in more detail . The compression tuned 
optical structure 22 can also be in the form of a single 
large diameter waveguide known as a fiber cane, shown and 
described in United States patent application serial no. 
09/455,868 (CiDRA File No. CC 0230), filed December 6, 1999, 
as well as patent application serial no. 09/456,112 (CiDRA 
File No. CC 0129B) , filed December 6, 1999, both hereby 
incorporated by reference in their entirety, as discussed 
below in more detail. The compression tuned optical 
structure 22 may also include Bragg grating, fiber Bragg 
grating or Fabry- Perot interferometer based optical 
structures, as discussed herein. The present invention is 
shown and described below in relation to many different 
embodiments of the compression tuned optical structure 22 
and the overall dogbone structure. 

The displacement sensor 24 may include either 
capacitive or inductive sensing to measure displacement. 
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Capacitive sensing is shown and described in terms of plates 
affixed to the compression tuned optical structure 22 
separated by a given gap or distance, while inductive 
sensing is understood to be coils (instead of plates) 
separated by a given gap or distance. 

The scope of the invention is not intended to be 
limited to any particular application of the tunable optical 
device 20. For example, applications are envisioned where 
the tunable optical device 20 is used as an optical sensing 
device (such as a pressure sensor) , as well as an optical 
signal-generating device (such as laser devices) . 

Figure 2: The Tunable Optical Device 22 
Figure 2 shows a tunable optical device generally 
indicated as 50, having the compression tuned optical 
structure 22 (see also Figure 1) and the displacement sensor 
24 (see also Figure 1) . 

The compression tuned optical structure 22 includes a 
glass element 54 having a compression element 56 arranged 
therein, a pair of holders 58 coupled to the glass element 
54 and arranged inside a housing 60, and an actuator 62 
arranged between one holder 58 and a wall of the housing 60. 
The actuator 62 may be any type of device that provides a 
compressive force, including a piezoelectric (PZT) device, a 
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stepper motor, a magnetostrictive device, or any type of 
pressure -inducing device. The glass element 54 has two wide 
end portions 54a, 54b and a narrow intermediate portion 54c. 

The displacement sensor 24 includes a displacement 
sensor circuit 70, a displacement sensor controller 71 and 
capacitive elements 72, 74 connected to the glass element 54 
as well as the actuator 62. The capacitive elements 72, 74 
are affixed to the wide end portions 54a, 54b of the glass 
element 54, and move in relation to one another when the 
wide end portions 54a, 54b are displaced by a compressive 
force or pressure. 

In operation, the glass element 54 responds to an 
optical signal along the optical fiber 52, and the actuator 
62 responds to a displacement sensor signal from the 
displacement sensor controller 71, for providing a 
compression tuned optical structure signal along the optical 
fiber 52 containing information about a change in an optical 
characteristic of the compression element 56 in the glass 
element 54, and for also further providing an excitation 
caused by a change in a displacement of the wide end 
portions 54a, 54b of the glass element 54 of the compression 
tuned optical structure 22. The excitation occurs when the 
actuator 62 compresses the glass element 54. 
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The capacitive elements 72, 74 of the displacement 
sensor 24 respond to the excitation (i.e. the movement) , 
which is sensed by the displacement circuit 70 and processed 
by the displacement sensor controller 71, for providing the 
displacement sensor signal containing information about the 
change in the displacement of the wide end portions 54a, 54b 
of the glass element 54 of the compression tuned optical 
structure 22. For the purposes of understanding the 
invention, it is important to note that the capacitive 
elements 72, 74 are described as a part of the displacement 
sensor 24 (see also Figure 1) . However, the spirit of 
invention includes an understanding that the capacitive 
elements 72, 74 could be described as a part of the 
compression tuned optical structure 22 (see also Figure 1) , 
as well. In such a case, the compression tuned optical 
structure 22 would provide some excitation signal to the 
displacement sensor 24 . The excitation signal can be in the 
form of a capacitance, inductive, optical, microwave or 
time-of -flight signal. The scope of the invention is not 
intended to be limited to any particular type of 
displacement sensing . 

The displacement sensor circuit 70 and the displacement 
sensor controller may be used to calibrate the operation of 
the actuator 62. It has been found that the displacement of 
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the glass element 54 may change due to wear and tear over 
time, changing due to the effects of being maintained under 
compression and actuated periodically by a compressive 
force. The displacement sensor circuit 70 and the 
displacement sensor controller 71 will take changes in 
displacement into account so that signal for actuating the 
actuator 62 is modified consistent with the change in the 
displacement. A person skilled in the art would appreciate, 
without undue experimentation, how to implement the 
displacement sensor circuit 70 and the displacement sensor 
controller 71 after reading the specification in conjunction 
with that shown in the drawing. 

Moreover, the scope of the invention is not intended to 
be limited to where the calibration processing is performed. 
The calibration associated with the change of displacement 
can be perform by the displacement sensor circuit 70, the 
displacement sensor controller 71, or a controller or some 
other circuit in the actuator 62 . 

Figure 2 also shows a thermistor circuit and sensor 76 
for sensing the ambient temperature of the glass element 54 
in the proximity of the compressive element 56. The 
thermistor circuit and sensor 76 is shown and described in 
relation to an optical structure in United States patent 
application serial no. 09/448,367 (CiDRA File No. CC 0218 
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and WFVA File no. 712-2-76), filed November 23, 1999, hereby 
incorporated by reference in its entirety. 

The Dogbone Structure 
As discussed above, the "dogbone" structure 104 is an 
all-glass fiber Bragg grating compression unit having the 
fiber Bragg grating (FBG) 114, as shown, or in the form of a 
distributed feedback (DFB) laser. The dogbone structure 104 
may be in the form of a glass tube having the optical fiber 
102 fused therein. As shown, the narrower intermediate 
portion 104c has the fiber Bragg grating 114 arranged 
therein with gratings spaced along the axis of compression. 
As shown, the wider end portions 104a, 104b have a larger 
cross-section than the narrower intermediate portion 104c. 
The dogbone structure 104 provides for amplification of the 
compression force applied on one or more of the wider end 
portions 104a, 104b as applied to the fiber Bragg gratings 
spaced in the narrower intermediate portion 22c. The 
amplification by the "dogbone" structure 104 is analogous to 
Pascal's Principle in fluid dynamics, where an external 
pressure applied to a fluid confined within a closed 
container is transmitted undiminished throughout the entire 
fluid, so pressure is applied as a function of force per 
unit area in the "dogbone" structure 104. 
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The dogbone structure 104 can be formed by taking the 
optical fiber and inserting it into an alignment tube of an 
inner diameter just larger than that of the outer diameter 
of the fibers, which is then collapsed on the optical fiber. 
For example, such glass collapsing technology is shown and 
described in United States patent application serial no. 
09/455,867 (CiDRA File No. CC 0036B) , as well as United 
States patent application serial no. 09/455,865 (CiDRA File 
No. CC 0078B) , discussed above. In particular, this glass 
collapsing technology relates to collapsing a 1 millimeter 
tube of the optical fiber, then collapsing a 3 millimeter 
tube onto the 1 millimeter tube. The resulting all-glass 
tube may be ground to form the "dogbone" shape structure 
104. The invention is described in relation to a "dogbone" 
shaped compression unit; however, the scope of the invention 
is intended to cover shapes other than a "dogbone" 
structure, such as a straight tubular cylindrical structure. 

The dogbone structure 104 also can be in the form of a 
single large diameter waveguide having a core with the 
gratings spaced therein, also known as a fiber cane, shown 
and described in United States patent application serial no. 
09/455,868 (CiDRA File No. CC 0230), as well as United 
States patent application serial no. 09/456,112 (CiDRA File 
No. CC 0129B) , discussed above. 
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The structure of the compression- tuned dogbone 
structure 104 is also shown and described in more detail in 
patent application serial no. 09/456,112 (CiDRA File No. CC 
0129) , discussed above. 

Figure 3: Tube-in-tube Capacitance Sensor Arrangement 
Figure 3 shows a tube-in-tube capacitance sensor 
arrangement generally indicated as 100 that may be used in 
the tunable optical device shown in Figure 2. The tube-in- 
tube capacitance sensor arrangement 10 0 is shown in relation 
to an optical fiber 102 coupled to a compression tuned glass 
element 104. The tunable optical device 100 has a "tube-in- 
tube" design which can be used to measure a displacement of 
the compression tuned glass element 104 using a capacitive 
sensor where the effective area changes with displacement. 

As shown, the compression tuned glass element 104 has 
the "dogbone" structure having two wider end portion 104a, 
104b separated a narrower intermediate portion 104c. One 
wider end portion 104a has an inner tube 106 having an inner 
capacitive plate 108, while another wider end portion 104b 
has an outer tube 110 having an outer capacitive plate 112. 
The narrower intermediate portion 104c has a compression 
element 114 in the form of a fiber Bragg grating. The 
compression element 114 may also be in the form of a Fabry- 
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Perot interferometer having two Bragg gratings separated by 
a predetermined distance. In one embodiment, the capacitive 
plates 108, 112 have a metallic coating, such as gold. The 
change in the displacement of the glass element 104 causes a 
change in the gap between the two capacitive plates 108, 
112, and the change in capacitance depends on the change in 
the overlapping area. 

As shown, the two gold-coated tubes 106, 110 are 
affixed over the glass element 104 such that the gold 
surfaces face each other with a small gap (about 200 micron) 
between them. Ideally, the tubes 106, 110 would be welded 
to the large diameter section of the dogbone element. 
However, since there is no force to hold off, they could, in 
principle, be epoxied in place. Electrodes (not shown) 
would be attached to the gold-coated tubes to allow 
connection of the capacitor to an electronic device (not 
shown) capable of measuring capacitance. As the dogbone 
element is strained, the gap between the parallel plates 
will change, thereby causing the capacitance to change. 
Therefore, a measurement of the capacitance will be directly 
related to the Bragg wavelength, provided the temperature of 
the element is either held constant or measured. Since the 
tubes are directly connected to the glass element 104, they 
are completely passive and will not slip. A person skilled 
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in the art would be able to implement without undue 
experimentation the electronics circuit (not shown) to 
measure the change in capacitance between the two capacitive 
plates 108, 112. 

Figure 4 : Single Tube Capacitance Sensor Arrangement 
Figure 4 shows a single tube capacitance sensor 
arrangement generally indicated as 2 00 that may be used in 
the tunable optical device 100 shown in Figure 2. The 
single tube-in-tube capacitance sensor arrangement 200 is 
shown in relation to an optical fiber 202 coupled to a 
compression tuned glass element 2 04. Similar elements in 
Figures 2-4 are labelled with similar reference numerals 
with the addition of 100. 

The design in Figure 3 above is simplified as shown in 
Figure 4 by elimination of the one tube 110 and extending 
the remaining tube 206 over the larger diameter of the 
compression tuned glass element 204. 

As shown, the compression tuned glass element 2 04 has 
two wider end portion 2 04a, 2 04b separated a narrower 
intermediate portion 204c. One wider end portion 204a has 
an inner tube 206 having an inner capacitive plate 208, 
while another wider end portion 204b has an outer surface 
with an outer capacitive plate 212. 
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The single tube capacitance sensor arrangement 2 00 
greatly eases manufacturing and can eliminate alignment 
issues with other designs. One complication with the delta 
area based capacitive sensor could be the limited area 
change of the sensor and, therefore, a restriction of the 
resolution of the measurement. 

Figure 5: Multiple Tube-in-Tube 
Capacitance Sensor Arrangement 

Figure 5 shows a multiple tube-in-tube capacitance 

sensor arrangement generally indicated as 3 00 that may be 

used in the tunable optical device 100 shown in Figure 2. 

The multiple tube-in-tube capacitance sensor arrangement 3 00 

is shown in relation to an optical fiber 3 02 coupled to a 

compression tuned glass element 3 04. Similar elements in 

Figures 3-5 are labelled with similar reference numerals 

with the addition of 100. The tunable optical device 300 has 

multiple tubes that could be interleaved to increase the 

effective area change as the compression element is 

compressed. 

As shown, the compression tuned glass element 3 04 has 
two wider end portion 3 04a, 3 04b separated a narrower 
intermediate portion 304c. One wider end portion 304a has 
tubes 306a, 306b having capacitive plates 308a, 308b, 308c, 
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while another wider end portion 104b has tubes 310a, 310b 
with capacitive plates 312a, 312b, 312c. 

Figure 6: Tube-in-Tube Capacitance 
Differential Sensor Arrangement 

Figure 6 shows a tube-in-tube capacitance differential 
sensor arrangement generally indicated as 400 that may be 
used in the tunable optical device 100 shown in Figure 2. 
The multiple tube-in-tube capacitance differential sensor 
arrangement 400 is shown in relation to an optical fiber 402 
coupled to a compression tuned glass element 404. Similar 
elements in Figures 3-6 are labelled with similar reference 
numerals with the addition of 100. 

The multiple tube-in-tube capacitance differential 
sensor arrangement 400 is formed as a differential sensor, 
so one capacitive section would decrease in value while 
another capacitive section increases providing a 
differential measurement which can provide increased 
resolution. 

As shown, the compression tuned glass element 404 has 
two wider end portion 4 04a, 4 04b separated a narrower 
intermediate portion 404c. One wider end portion 404a has 
an inner tube 406 having capacitive plates 408a, 408b, while 
another wider end portion 404b has an outer tube 210 with 
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capacitive plates 412a, 212b. In operation, one capacitance 
value will decrease with compression, while the other 
capacitance value will increase with pressure. For example, 
as shown, if a compression force is applied, then the 
capacitance between plates 408a, 412a decreases (less 
overlapping plate area) , while the capacitance between 
plates 408b, 412b increases (more overlapping plate area) , 
and vice versa, when the compression force is relaxed. 

A person skilled in the art would be able to implement 
without undue experimentation a differential electronics 
circuit (not shown) to measure the change in capacitance 
between the capacitive plates 408a, 412a, or 408b, 412b. 

Figure 7 

Figure 7 shows a part of a tunable optical device 
generally indicated 500 having a capacitance sensor 
arrangement with capacitive elements 502, 504, which may be 
plates or rods, as shown. Similar elements in Figures 2 and 
7 are labelled with similar reference numerals. 

The displacement sensor 24 (Figure 1) or the 
displacement circuit 70 (Figure 2) is not shown but would be 
connected to the capacitive elements 502, 504. 
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Figure 8 

Figure 8 shows a capacitance sensor arrangement 
generally indicated 600 having capacitive elements 602, 604, 
which may be L-shaped plates or rods, as shown. Similar 
elements in Figures 2 and 7-8 are labelled with similar 
reference numerals. 

The displacement sensor 24 (Figure 1) or the 
displacement circuit 70 (Figure 2) is not shown but would be 
connected to the L-shaped capacitive elements 602, 604. 

Figure 9 and 9 A 
Figure 9 shows a capacitance sensor arrangement 
generally indicated as 700 with overlapping capacitive 
elements 702, 704, which may be rods and plates, as shown. 
Similar elements in Figures 2 and 7-9 are labelled with 
similar reference numerals. Figure 9A shows an alternative 
embodiment wherein one of the overlapping capacitive 
elements 704' has a sawtooth shape. 

The displacement sensor 24 (Figure 1) or the 
displacement circuit 70 (Figure 2) is not shown but would be 
connected to the capacitive elements 702, 704. 
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Figure 10 

Figure 10 shows a capacitance sensor arrangement 
generally indicated as 800 with overlapping capacitive 
elements 802, 804, which may be plates or rods having 
corresponding angled capacitive surfaces, as shown. Similar 
elements in Figures 2 and 7-10 are labelled with similar 
reference numerals. 

The displacement sensor 24 (Figure 1) or the 
displacement circuit 70 (Figure 2) is not shown but would be 
connected to the capacitive elements 802, 804. 

Figure 11 

Figure 11 shows a capacitance sensor arrangement 
generally indicated as 900 with capacitive elements 902, 
904, which may be tubes having corresponding surfaces, as 
shown. Similar elements in Figures 2 and 7-11 are labelled 
with similar reference numerals. 

The scope of the invention is not intended to be 
limited to any particular variable capacitor configuration 
or shape thereof . 

The displacement sensor 24 (Figure 1) or the 
displacement circuit 70 (Figure 2) is not shown but would be 
connected to the capacitive elements 902, 904. 
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Figure 12 

Figure 12 shows a capacitance sensor arrangement 
generally indicated as 1000 with capacitive elements 1002, 
1004, which may be tubes having corresponding wires 1006, 
1008 connected to capacitive surfaces, as shown. Similar 
elements in Figures 2 and 7-12 are labelled with similar 
reference numerals . 

The displacement sensor 24 (Figure 1) or the 
displacement circuit 70 (Figure 2) is not shown but would be 
connected to the capacitive elements 1002, 1004. 

Figure 13 

Figure 13 shows a differential capacitance sensor 
arrangement generally indicated as 1100 with capacitive 
elements 1102, 1104, which may be overlapping rods, tubes or 
plates, as shown. The differential capacitance sensor 1100 
may also include a reference capacitor 1108 and a variable 
capacitor 1110. The reference capacitor 1108 does not vary 
and allows a compensation for temperature, while the 
variable capacitor 1110 does vary in relation to the values 
of the two different capacitors generally indicated as 
1110a, 1110b. Similar elements in Figures 2 and 7-13 are 
labelled with similar reference numerals. 
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The displacement sensor 24 (Figure 1) or the 
displacement circuit 70 (Figure 2) is not shown but would be 
connected to the reference capacitor 1108 and the variable 
capacitor 1110. 

Figure 14 

Figure 14 shows a differential capacitance sensor 
arrangement generally indicated as 1200 with a capacitive 
element 1202, which includes two variable differential 
capacitors 1204, 1206, as shown. One variable differential 
capacitor 1204 has plates 1204a, 1204b respectively affixed 
on a surface of one wide portion 54a of the glass element 54 
and on the surface of the capacitive element 1202. The 
other variable differential capacitor 1206 has plates 1206a, 
1206b respectively affixed on a surface of the other wide 
portion 54b of the glass element 54 and on the surface of 
the capacitive element 1202. Similar elements in Figures 2 
and 7-13 are labelled with similar reference numerals. 

The displacement sensor 24 (Figure 1) or the 
displacement circuit 70 (Figure 2) is not shown but would be 
connected to the differential capacitors 1204, 1206. 



CIDRA CORP. PROPRIETARY 



29 



PATENT 

WFVA/CiDRA File Nos . 712-002-082/CC-0238 



Figure 15 

Figure 15 shows a differential capacitance sensor 
arrangement generally indicated as 1300 with capacitive 
elements 1302, 1304, which may be overlapping rods, tubes or 
plates, as shown. The differential capacitance sensor 1100 
includes a reference capacitor 13 06 and a variable capacitor 
1310 having a plate 1 and a plate 2, as shown. Similar 
elements in Figures 2 and 7-15 are labelled with similar 
reference numerals. 

The displacement sensor 24 (Figure 1) or the 
displacement circuit 70 (Figure 2) is not shown but would be 
connected to the reference capacitor 13 06 and the variable 
capacitor 1308. 

Figures 16A, 16B 

Figure 16A shows an example of a first capacitive plate 
generally indicated as 14 0 0 that can be used with one or 
more of the capacitive plates shown in Figures 1-15. The 
first capacitive plate will cooperate with a second 
capacitive plate 1500 shown in Figure 16B to reduce noise 
and voltage from electromagnetic interference (EMI) between 
the two ground of the capacitive plates. 

The first capacitive plate 1400 includes an outer ring 
1402, an intermediate ring 1404 and an inner ring 1406. As 
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shown, the intermediate ring 1404 is connected via a line 
14 04a to a voltage source (not shown) and the outer ring 
1402 and the inner ring 1406 are connected via a line 1406a 
to a ground source (not shown) . 

The second capacitive plate 1500 includes an outer ring 
1502 and an intermediate ring 1504. As shown, the 
intermediate ring 1504 is connected via a line 1504a to a 
voltage source (not shown) and the outer ring 14 02 is 
connected via a line 1406a to a ground source (not shown) . 

The voltage line 1404a and 1504a, and the ground lines 
1406a and 1502a may be connected via lines 72a, 74a shown in 
Figure 2 to the displacement sensor circuit 70. 

In operation, the combined capacitive plates 1400, 1500 
reduce edge affects and act as a shield with respect to 
coupling of stray interference. 

Scope of the Invention 
Although the invention has been described with respect 
to using a capacitor to measure the gap distance, it should 
be understood by those skilled in the art that other gap 
sensing techniques may be used, such an inductive, optical, 
magnetic, microwave, time -of -flight based gap sensors. 
Moreover, the scope of the invention is also intended to 
include measuring or sensing a force applied on or about the 
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compressive element, and feeding it back to control the 
compression tuning of the optical structure. 

Although the invention has been described and 
illustrated with respect to exemplary embodiments thereof, 
the foregoing and various other additions and omissions may- 
be made therein and thereto without departing from the 
spirit and scope of the present invention. 
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WE CLAIM: 

1. A tunable optical device comprising: 

a compression tuned optical structure, responsive to an 
optical signal, and further responsive to a displacement 
sensor signal, for providing a compression tuned optical 
structure signal containing information about a change in an 
optical characteristic of the compression tuned optical 
structure, and for further providing an excitation caused by 
a change in a displacement of the compression tuned optical 
structure ; and 

a displacement sensor, responsive to the excitation, 
for providing the displacement sensor signal containing 
information about the change in the displacement of the 
compression tuned optical structure. 

2. A tunable optical device according to claim 1, 
wherein the displacement sensor includes a capacitance 
sensor coupled to the compression tuned optical structure 
for measuring a change in capacitance that depends on a 
change in displacement . 
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3. A tunable optical device according to claim 1, 
wherein the capacitance sensor includes two parallel and 
opposing plates and the change in capacitance depends on a 
change in a gap or an area with respect to the two parallel 

5 and opposing plates. 

4. A tunable optical device according to claim 2, 
wherein the change in the displacement of the compression 
tuned optical structure causes a change in the gap between 

tf|0 the two parallel and opposing plates, and the change in 

H- capacitance depends on the change in the gap. 

f\\ 5. A tunable optical device according to claim 2, 

q wherein the change in the displacement of the compression 

tuned optical structure causes a change in an overlapping 
area between the two parallel and opposing plates, and the 
change in capacitance depends on the change in the 
overlapping area. 



2 0 6. A tunable optical device according to claim 1, 

wherein the compression tuned optical structure has a 
capacitance sensor having two metallic-coated tubes affixed 
to the compression tuned optical structure so that metallic 
surfaces face each other with a small gap inbetween. 
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7. A tunable optical device according to claim 6, 
wherein the small gap is about 2 00 micron. 

8. A tunable optical device according to claim 4, 
wherein the compression tuned optical structure is a 

dogbone structure having wider end portions separated by a 
narrower intermediate portion; and 

wherein each of the two metallic-coated tubes is 
affixed to or formed on a respective one of the wider end 
portions . 

9. A tunable optical device according to claim 4, 
wherein the capacitance sensor has electrodes attached to 
the metallic-coated tubes to allow connection of the 
capacitor sensor to a displacement sensor circuit capable of 
measuring capacitance. 

10. A tunable optical device according to claim 3, 
wherein the narrower intermediate portion has a fiber Bragg 
grating arranged therein. 
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11. A tunable optical device according to claim 4, 
wherein the narrower intermediate portion has a Fabry- Perot 
interferometer arranged therein. 

12. A tunable optical device according to claim 1, 
wherein the displacement sensor includes a tube-in-tube 
capacitance sensor arrangement. 

13. A tunable optical device according to claim 12, 
wherein the tube-in-tube capacitance sensor arrangement 
includes an inner tube with an inner capacitive plate and an 
outer tube with an outer capacitive plate. 

14. A tunable optical device according to claim 1, 
wherein the displacement sensor includes a single tube 
capacitance sensor arrangement. 

15. A tunable optical device according to claim 14, 
wherein the single tube capacitance sensor arrangement 
includes a tube with a first capacitive plate for 
capacitively cooperating with a second capacitive plate 
arranged on a surface of the compression tuned optical 
structure . 
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16. A tunable optical device according to claim 1, 
wherein the displacement sensor includes multiple tube-in- 
tube capacitance sensor arrangement . 

17. A tunable optical device according to claim 16, 
wherein the multiple tube-in-tube capacitance sensor 
arrangement includes multiple inner tubes with respective 
inner capacitive plates and multiple outer tubes with 
multiple outer capacitive plates. 

18. A tunable optical device according to claim 1, 
wherein the displacement sensor includes a differential 
capacitance sensor arrangement . 

19. A tunable optical device according to claim 1, 
wherein the differential capacitance sensor arrangement 
include a first variable capacitor and a second variable 
capacitor. 
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20. A tunable optical device comprising: 

a compression tuned optical structure, responsive to an 
optical signal, and further responsive to a sensor signal, 
for providing a compression tuned optical structure signal 
containing information about a change in an optical 
characteristic of the compression tuned optical structure, 
and for further providing an excitation caused by a change 
in a physical parameter in relation to the compression tuned 
optical structure; and 

a sensor, responsive to the excitation, for providing 
the sensor signal containing information about the change in 
the physical parameter in relation to the compression tuned 
optical structure . 

21. A tunable optical device according to claim 20, 
wherein the sensor senses a displacement in relation to the 
compression tuned optical structure. 
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22. A method for tuning a wavelength of a grating 
comprising the steps of: 

obtaining a compression tunable element having a Bragg 
grating therein, the compression tunable element having a 
capacitor across the Bragg grating, the capactitor having 
plates and a gap inbetween that is related to the wavelength 
of the grating; 

measuring a capacitance value of the capacitor; and 

compressing the compression tunable element to set a 
desired grating wavelength based on the capacitive value. 
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ABSTRACT OF THE DISCLOSURE 
A tunable optical device has a compression tuned 
optical structure and a displacement sensor. The 
compression tuned optical structure responds to an optical 
signal, and further responds to a displacement sensor 
signal, for providing a compression tuned optical structure 
signal containing information about a change in an optical 
characteristic of the compression tuned optical structure, 
and for also further providing an excitation caused by a 
change in a displacement of the compression tuned optical 
structure. The displacement sensor responds to the 
excitation, for providing a displacement sensor signal 
containing information about the change in the displacement 
of the compression tuned optical structure. The compression 
tuned optical structure may be in the form of a dogbone 
structure that is an all-glass compression unit having wider 
end portions separated by a narrower intermediate portion. 
The displacement sensor includes a capacitance sensor 
affixed to the compression tuned optical structure for 
measuring a change in capacitance between two parallel and 
opposing plates that depends on a change in a gap or an area 
with respect to the two parallel and opposing plates. 
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FIGURE 2: A Tunable Optical Device 



Compression Element '//f 




//y 

FIGURE 3: Tube-in-Tube Capacitance Sensor Arrangement 



2o y 




FIGURE 4 : Single Tube Capacitance Sensor Arrangement 
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FIGURE 5: Multiple Tube-in-Tube Capacitance Sensor Arrangement 
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